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Abstract
In sorghum, Feathertop Rhodes (FTR) (Chloris virgata) covers an area of 73,414 ha with a yield loss of 36,995 tonnes resulting in

revenue loss of $7.0 million/year. Crop competition has been suggested as a benign strategy due to weed population shifts, increase
in herbicide costs and concerns of environmental pollution. We hypothesised that sorghum at high densities, when grown at narrow

row spacings can suppress FTR. We aim to investigate the influence of sorghum row spacing and plant density on Feathertop Rhodes

(FTR) grass growth and development. Field experiments for two successive years were conducted to study the effect of varying row
spacings (50, 75 and 100 cm) and sorghum densities (5, 7.5 and 10 plants/m2) on the growth of FTR. Significant reduction in FTR

weight was observed when surrounded by 10 sorghum plants/m2 spaced 50 cm apart. The study is valuable for sorghum farmers

facing the problem of FTR.
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Introduction
Sorghum is an important rotational crop in subtropical north-

east Australia with a cropping area of approximately 0.82 Mha [1].

Early weed interference in sorghum can result in large yield loss-

es [2]. Feathertop Rhodes (FTR) grass (Chloris virgata) has been
identified as one of the top weeds of sorghum (Sorghum bicolor L.)
along with awnless barnyard grass (Echinochloa colona) and sweet

summer grass (Brachiaria eruciformis). In sorghum, FTR covers
an area of 73,414 ha with a yield loss of 36,995 tonnes resulting

in revenue loss of $7.0 million/year [3,4]. Presence of herbicideresistant weeds like FTR, limited registered herbicides, and crop

rotational restrictions have created a challenging environment for
weed control in sorghum [5].

Sorghum growers of the subtropical north-eastern region of

Australia depend on key herbicides like atrazine, metolachlor, flu-

roxypyr, 2,4-D amine and glyphosate that are applied alone or mixed

[6]. Very few growers use tillage (0-17%) or crop competition (011%) to manage the weeds. Although the majority of growers use

pre-emergence (34-95%) and/or post-emergence (22-57%) herbicides without achieving effective weed control, commonly used

wide-row and skip- row planting configurations have escalated the
problem [6]. This has prompted the urgent need for non-chemical

control options like crop competition to control weeds in sorghum.

Studies related to phenology provide important information on

functional rhythms of plants and plant communities [7]. Correct

prediction of weed phenological development, especially in the

case of FTR is a prerequisite of weed- crop competition studies [8].

Considering sorghum as a crop competitor for FTR, we aimed to

determine the: (i) effect of density of sorghum and row spacing on
the biomass of FTR and (ii) the influence of sorghum plants on the
phenology of FTR.

Citation: Aman D Sharma and Daniel KY Tan. “Crop Competition as a Strategy to Control Feathertop Rhodes Grass in Sorghum". Acta Scientific Agriculture
3.9 (2019): 176-180.

Crop Competition as a Strategy to Control Feathertop Rhodes Grass in Sorghum
177

Materials and Methods
Field studies were established in 2016 on medium clay Verto-

sols (pH-8.8; EC-0.13 dS/m; OC- 0.61%) and in 2017 on medium
clay Vertosols (pH-7.2; EC-0.09 dS/m; OC- 0.45%) at the International Grains Research Centre, Narrabri.
Experimental methodology

The competition study involved two different species: Feath-

ertop Rhodes (FTR) (Chloris virgata Sw.) and Sorghum (Sorghum
bicolor; Var MR-43). In 2016, sorghum was sown in a 24 m plot,
2

while FTR was broadcasted in a subplot of 2 m . In 2017, sorghum
2

was sown in 18 m plot, while FTR was transplanted in a subplot
of 1 m2.

2

Fields were prepared with a field cultivator and recommended

cultural practices for sorghum were used similarly to previous

studies [9,10]. The experiment was arranged as a randomised
complete block with four replicates. Treatments consisted of three

different row spacings (50, 75 and 100 cm) and plant densities (5,

7.5 and 10 sorghum plants/m ). In 2016, Feathertop seeds were
2

broadcast by hand in 2 m2 subplots at the centre portion of each

experimental unit similar to a previous study [11] and thinned by
hand to achieve a target plant density of 5 plants/m2, however, in

leaf) of FTR was recorded using a metre ruler and the number of
leaves of FTR were recorded by visual counting in the presence and
absence of sorghum.
Stat analysis

No significant interactions between treatments and experi-

mental trials were observed. Therefore, the data were pooled for

each field trial for further statistical analysis. A 3 factor-factorial
regression model using PROC GLM procedure (SAS 9.4) was used

to test for treatment differences for the response variables of FTR
and sorghum.

Results

Significant reduction in FTR weight was observed when sur-

rounded by 10 sorghum plants/m2 spaced 50 cm apart. Significant
differences (p < 0.005) among the treatments indicated that 10 sor-

ghum plants per square metre, if spaced 50 cm apart can decrease

FTR biomass (Figure 1). The finding is important for the sorghum
farmers facing the problem of FTR. It clearly implies that narrow

row spacing with high sorghum plant densities can reduce FTR

biomass. Sorghum plants were able to suppress FTR due to their
height and increased rate of growth.

2017, Feathertop Rhodes seedlings were transplanted by hand in
1 m2 subplots at the centre portion of each experimental unit with

the objective of reduction in soil weed seed bank [11]. Competition
between sorghum and FTR plants was established by transplanting
FTR seedlings at two- leaf stage in the subplots of the experimental
units.

Measurements
Sorghum plants were harvested at maturity. FTR and sorghum

samples were dried at 70°C for 48 hours in a dehydrator (Sterdium,

Micro digital). Seed heads were weighed and threshed, dry matter
and grain yield were recorded as per the previous studies [9].

The phenology of FTR was studied in the presence and absence

of sorghum. Sorghum and FTR plants were transplanted at the
two- leaf stage and co-established in the field. Six sorghum plants
in three replicates were spaced 50 cm apart with the FTR plant

at the centre. The field experiment for phenology of two species
was initiated along with the crop competition study to evaluate the

phenology of FTR in the presence or absence of sorghum [10]. At a

bi-weekly interval, plant height (height from the ground to the flag

Figure 1: Interaction plot for FTR biomass at different densi-

ties and row spacings of sorghum for 2016 and 2017. In this

figure (50 cm, 75 cm and 100 cm) represent different row spacings, while (5, 7.5 and 10) represent number of sorghum plants
per metre square.
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Grain yield of sorghum was increased with the decrease in FTR

biomass (Figure 2).

Figure 2: Interaction plot shows a decrease in FTR biomass

(g) with the increase in grain yield (tonnes/ha) of sorghum.

Highest biomass and grain yield of sorghum was observed at 75

cm spacing when surrounded by 10 plants/m2 (Figure 3, Figure 4).

Interaction plots for sorghum biomass (Figure 3) indicated 28% increase in sorghum biomass in the absence of FTR, while there was

Figure 4: Interaction plot for grain yield (tonnes/ha) of

sorghum at varying row spacings (50 cm, 75 cm and 100 cm)

and densities of sorghum plants (5, 7.5 and 10 plants per metre
square) in the presence (above) and absence (below) of FTR.

80% increase in grain yield (Figure 4) of sorghum in the absence
of FTR. Significant interactions (p < 0.001) between row spacing
and densities of sorghum plants with respect to biomass and grain
production of sorghum were observed. Differences in harvest index

(0.12 with FTR and 0.10 without FTR) (Figure 5) demonstrated the
negative effect of FTR on the biomass and grain yield of sorghum.

Figure 5: Interaction plot for Harvest index (HI) of sorghum

at varying row spacings (50 cm, 75 cm and 100 cm) and densities
of sorghum plants (5, 7.5 and 10 plants per metre square) in the
presence (above) and absence (below) of FTR.

Figure 3: Interaction plot for biomass (tonnes/ha) of

sorghum at varying row spacings (50 cm, 75 cm and 100 cm)

and densities of sorghum plants (5, 7.5 and 10 plants per metre
square) in the presence (above) and absence (below) of FTR.

Phenology of FTR with and without competition with sorghum
FTR plant without competition with sorghum showed more

lateral growth, while the FTR in competition with sorghum plants

showed more vertical growth. This is an adaptation of FTR plant
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due to competition by sorghum plants. Sorghum plants suppressed
the growth of FTR by shading effect. The absence of light due to

shading effect of sorghum resulted in decreased growth of FTR.
After 28 days, there was no leaf production in FTR plants facing
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Japanese millet (Echinochloa esculenta) adversely reduced the seed
production of sorghum [1].

Our findings are in agreement with a previous study in which

competition from sorghum (Table 1) while leaf production contin-

sorghum yield from 45-cm row spacing was considerably higher

(Table 2) in comparison to control plots. This is an adaptation by

of FTR was narrowly spaced sorghum plants sown in proximity

ued in FTR plants in the absence of sorghum plants. An increase in
height of FTR plants in competition with sorghum was observed

the FTR plant for the competition for light with sorghum plant.
There was an eight-fold decrease in shoot weight of FTR compared
with shoot weight of sorghum and four times decrease in the root

weight of FTR compared with root weight of sorghum in the phenology study. This finding clearly indicates that sorghum is a better
competitor than FTR.
Number
of Leaves
of FTR
Control

With
sorghum

14 days

28 days

17 (±0.33) 55 (±0.57)
11(±0.33)

36 (±0.33)

42 days

56 days

242 (±0.57) 281 (±0.57)
36 (±0.33)

36 (±0.33)

Table 1: Phenological aspects of FTR in competition with
sorghum.

The numbers in the parentheses are the standard errors of the
mean (n=3); FTR = Feather top Rhodes

Height of
FTR (cm)
Control

With sorghum

compared with 60 and 90 cm row spacings due to the reduction in

weed biomass [14]. The reason for the reduction in weed biomass
which resulted in narrow leaves, long stems and root biomass that

increased the sorghum plant biomass [15,16]. It implies that sorghum can be sown at narrow row spacings with higher densities

to suppress the growth of FTR. Higher sorghum densities mean a
higher seeding rate while the costs of seed would be compensated
with a reduction in weed control costs (i.e., chemicals, fuel, machinery, and labour) [17].

Higher densities of sorghum in field trials resulted in the re-

duction of FTR biomass due to non-penetration of light [5,18]. As
plants mature and the canopy closes, the competition for photo-

synthetically active radiation (PAR) becomes intense [19] for crop
and weed plants. Sorghum can absorb incoming light more efficiently than weeds [5] and absence of light due to canopy closure
of sorghum plants resulted in the reduction of FTR biomass.

Conclusion

Phenological aspects of FTR indicated non-production of leaves

14 days

28 days

42 days

56 days

in FTR plants after four weeks (Table 1), while facing competition

15 (±0.33)

32 (±0.33)

35 (±0.33)

42 (±0.33)

which sorghum was found to be a strong competitor. An increase

10 (±0.57)

47 (±0.57)

77 (±0.57)

78 (±0.33)

Table 2: Phenological aspects of FTR in competition with
sorghum.

The numbers in the parentheses are the standard error of the
mean (n=3); FTR = Feather top Rhodes

Discussion

From our experiments, higher sorghum densities (10 plants/

m2) at narrow row spacing (50 cm) resulted in the suppression of

FTR, which is in agreement with previous studies [12,13]. The de-

crease in grain yield of sorghum was observed with the increase in

FTR biomass, which is in agreement with another study in which

from sorghum. It clearly indicates the competition for resources
(light, water, and nutrients) between sorghum and FTR plants in

in height of FTR in the presence of sorghum plants (Table 2) was

an adaptation to capture light. Competition for light was the major
reason for the reduction in weed biomass in previous studies [20],
which implies that maximising light interception in sorghum crop

canopies with high densities at narrow spacings can suppress FTR.
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